We review Lipatov's high energy effective action and show that it is a useful computational tool to calculate QCD scattering amplitudes in the high energy limit. We explain in some detail our recent work where a novel regularization and subtraction procedure has been proposed that allows to extend the use of this effective action beyond tree level. As explicit results we discuss the derivation of forward jet vertices, for jet events with and without rapidity gaps.
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Introduction
Due to its large center of mass energy the LHC provides an ideal opportunity to test BFKLdriven observables [1, 2] . Among them both central production processes, such as heavy quark production [3] , forward production of high p T jets [4] and Drell-Yan pairs [5, 6, 7, 8] , and processes with hard events in both forward and backward direction, i.e. forward-backward ('MuellerNavelet') jets [9, 10] and forward Z boson production combined with a backward jet [11] .
An observable of particular interest is given by forward/backward jets with a rapidity gap ('Mueller-Tang' jets). This process is special since it allows to probe the non-forward BFKL kernel, unlike the previously mentioned processes restricted to the forward case. From a phenomenological point of view the description in terms of the non-forward BFKL Green's function is of relevance, since the latter describes a color singlet t-channel exchange. Unlike configurations which merely suppress emissions above a certain veto scale, the non-forward BFKL Green's function describes a t-channel exchange with emissions into the gap region intrinsically absent.
While the non-forward BFKL kernel is currently available at next-to-leading order (NLO) [12] , only the virtual NLO corrections to the impact factors [15] are currently known; phenomenological studies, see e.g. [13, 14] , are therefore limited to leading order (LO) impact factors. As NLO corrections to BFKL observables are often found to be size-able, this limitation to LO impact factors is currently one of the main drawbacks of BFKL phenomenology. A powerful tool to overcome this limitation is given by Lipatov's effective action [16] . It is given in terms of the conventional QCD action to which a new induced term is added. The latter contains a new effective degree of freedom, the reggeized gluon, which has been introduced in order to achieve a gauge invariant factorization of QCD amplitudes in the high energy limit. The determination of higher order corrections within this effective action is at first plagued by both technical and conceptual difficulties. Loop corrections show a new type of divergence, which is not present in usual QCD Feynman diagrams. Supplementing the QCD action with the additional induced term leads to an apparent over-counting problem. These problems have been addressed and resolved recently, first in the context of LO transition kernels [17, 18, 18, 20, 19] and later on in the calculation of NLO corrections to the forward quark and gluon -initiated jet vertex [21, 22] and the quark and gluon contribution to the two-loop gluon trajectory [23] , for a recent review see [24] .
In this contribution we present some details of the determination of the missing real NLO correction to the quark-initiated Mueller-Tang jet impact factors. In particular we address the implementation of an alternative implementation of an rapidity regulator, needed in the evaluation of real corrections. While Sec. 2 contains some general details on the effective action, Sec. 3 discusses different realizations of regulators in the case of Mueller-Navelet jets. For details we refer to [25] .
The high energy effective action
The effective action adds to the QCD action an induced term, S eff = S QCD + S ind. , which describes the coupling of the reggeized gluon field A ± (x) = −it a A a ± (x) to the usual gluonic field
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. This induced term reads
The infinite number of couplings of the gluon field to the reggeized gluon field are encoded in two functionals
Reggeized gluon fields are invariant under local SU(N c ) gauge transformations. Strong ordering of longitudinal momenta in high energy factorized amplitudes provides the following kinematic constraint,
which is always implied. Quantization of the gluonic field requires to add gauge fixing and ghost terms, which we have included in the QCD action. Feynman rules are given in Fig. 1 . Curly lines describe the conventional QCD gluon field and wavy lines the reggeized gluon field. There exist an infinite number of higher order induced vertices. For the present analysis only the order g induced vertex in Fig. 1 is needed. Loop corrections furthermore require a regularization of the light-cone singularity 1/k ± 1 . As discussed in [26] this pole should be treated as a Cauchy principal value.
Rapidity regulator and the Mueller-Navelet jet
The real corrections to the quark induced Mueller-Navelet jet have been derived from the effective action in [21] . They can be organized into three contributions to the five-point amplitude q(p a ) + q(p b ) → q(p 1 ) + g(q) + q(p 2 ), i.e. central and quasi-elastic gluon production process, see Fig. 2 . The central production amplitude, obtained from the sum of the following three effective 
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It leads to the following production vertex
The exclusive differential cross section for central production then reads
For the quasi-elastic contribution q(p a )r * (k) → g(q)q(p) we evaluate at first the sum of the effective diagrams The final result exactly agrees with the equivalent one in [27] :
where P gq (z, ε) =
is, up to a factor C F , the real part of the q → g splitting function and k k k =− k k k. Note that in the limit z → 0, which corresponds for fixed gluon transverse momentum2 to a large difference in rapidity of final state quark and gluon, the above expression turns into the central production vertex, multiplied with the leading order impact factor
Adding quasi-elastic and central production cross-section leads therefore to the expected overcounting. For production processes at tree-level, there are two immediate solutions. A physical intuitive solution slices the longitudinal phase space and associates a fixed range of rapidity to gluon production in the quasi-elastic (where the rapidity separation of gluon and one final state
quark is small) and central region (with significant rapidity separation from both quarks). As an alternative to such an treatment, which proves highly useful in the evaluations of virtual corrections, see [21, 23, 24] , one subtracts Eq. (3.4) from the quasi-elastic correction, schematically
If integrated over rapidity, both central and quasi-elastic production vertex lead to a divergent integral. In [21, 22] this has been treated through introducing cut-offs on the gluon rapidity η, with η a > η > η b for the central production vertex Eq. (3.2) and η > ν b ( η < ν a ) for the quasi-elastic corrections in the fragmentation regions of the quarks with with momenta p a and p b respectively. Subtracting central from quasi-elastic corrections, the dependence on the regulators cancels for the sum of the three diagrams Fig. 2 , if evaluated in the limit η a,b → ±∞.
In the case of Mueller-Tang jets on the other hand, where gluon emission is restricted to the fragmentation region of the initial quarks, not all cut-offs can be evaluated in the limit η a,b → ∞ which requires a careful fine-tuning of the cut-offs to avoid conflicts with collinear factorization. In such a case it is preferable to perform the subtraction Eq. (3.5) without any cut-off, leading to the entire elimination of the high energy divergence in the quasi-elastic correction. For MuellerNavelet jets, such as treatment results into the replacement F qqg (z,, k k k) → F qqg (z,, k k k) − α s N c 2ππ ε 2 z2 , (3.6) in Eq. (3.3). The rapidity integral over the central production vertex is then on the other hand evaluated with the upper and lower bounds provided by the phase space in the fragmentation region of the two quarks. Both methods are entirely equivalent as long as one integrates over the entire phase space, the second method provides however a technical advantage if one desires to impose cuts on the phase space of the gluon, as it is the case for Mueller-Tang jets. For further details, including the calculation of the NLO corrections to the Mueller-Tang impact factor at NLO we refer to the paper in preparation [25] , some details are already contained in [29, 30] .
